How do some photosynthetic organisms use the energy of sunlight to oxidise water, producing molecular oxygen? Recent X-ray crystallographic data have brought new insights into the structure of the integral membrane protein responsible for this fundamental biological reaction.
The improved detail in the 3.5 Å resolution structure [3] will no doubt provoke new interest in the mechanism of light-driven electron transfer in Photosystem-II, as well as sparking new debate on the nature of the photo-oxidised chlorophyll species that initiates the electron transfer responsible for extracting electrons from water. This chlorophyll cation, termed P680 + , has a redox potential estimated to be as high as +1.26 V [10] , and there is intense interest as to which chlorophyll is P680 + and how the surrounding protein-cofactor system protects itself against such an extreme of oxidising potential.
The area of the new structure likely to provoke the most interest and controversy is the water oxidation centre ( Figure 1B) , which consists of a group of manganese, calcium and chloride ions held in place by an amino-acid scaffold. A variety of models have been suggested for the structure of the so-called manganese cluster [1] , and the new structural information provided by Ferriera et al.
[3] will be tested against these models and spectroscopic data on the cluster. To assist modelling of the manganese cluster, anomalous difference maps were calculated from data collected using X-rays corresponding to the absorption edge of manganese (1.89 Å), and at a wavelength where calcium has a much stronger anomalous signal (2.25 Å) [3] . These data were then used to place four manganese ions and one calcium ion at appropriate positions in the blob of electron density corresponding to the water oxidation centre. The resulting structural model is proposed to be a 'cubane-like Mn 3 CaO 4 cluster', linked to a fourth manganese in an 'extended region' [3] .
The new structure therefore has the same general three-plus-one arrangement of manganese ions proposed earlier by Zouni et al. [5] , but includes far more specific detail. Perhaps reflecting the interplay between crystallography and spectroscopy, three-plusone arrangements have developed as favoured models of spectroscopists looking at the structure of the manganese cluster [1, 11] .
At present, this description of the water oxidation centre is only a proposed structure, because the resolution of the X-ray data is insufficient to resolve details such as the oxygen atoms that connect the metal ions in the cluster. The proposed structure was therefore derived using information from spectroscopic data (the interplay again), including metal-to-metal distances derived from EXAFS (extended X-ray absorption fine structure) studies of the centre [12, 13] , and information on the coordination properties of manganese and calcium ions [11] .
As with the chlorophyll and quinone cofactors, the new Photosystem-II structure includes the amino-acid side chains that form the environment of the manganese and calcium ions of the water oxidation centre. Although this new level of detail is exciting, however, a cautionary note is appropriate. Whereas the resolution of the structure is sufficient to allow tracing of the polypeptide chains of the component proteins, as large side-chains can be distinguished from small side chains for example, it is difficult to model the precise orientations of individual side chains at a resolution of only 3.5 Å. The detailed geometries of individual amino acids therefore have to be regarded as preliminary assignments, with final assignments pending higher resolution crystallographic data; the same is true for the water oxidation centre.
Higher resolution data should also clarify other aspects of the structure. These include: the location of water or hydroxide ions near the water oxidation centre; the location of the chloride ion that is known to also be a cofactor for the water oxidation centre [1, 12, 14] ; and the location and role of other non-protein ligands -for example, an electron density feature that bridges the calcium ion and the manganese ion in the extended region is tentatively assigned to a bicarbonate in the new structure (the 'Y'shaped feature in Figure 1B) . One notable outcome of the modelling of amino acid sidechains is the conclusion that the redox active tyrosine Tyr Z (Tyr161 of the D1 polypeptide) and residue His190 of the D1 polypeptide are suitably orientated to form a hydrogen bond. The role of His190 during oxidation and reduction of Tyr Z has been much discussed [14] [15] [16] , but from the previous structure of Zouni and co-workers [5, 17] it was concluded that the two were not in close proximity, in contrast to the arrangement suggested in the new structure [3] .
The new work of Ferreira et al. [3] brings us new and much more detailed insights into the structure of Photosystem-II. The increased detail will allow previous mutagenesis studies to be reassessed and provide new protein engineering targets; in this respect structure-function studies of Photosystem-II are finally freed from constant analogy to the purple bacterial reaction centre. The proposed structural details will have to withstand the wealth of spectroscopic data available for Photosystem-II, and the plethora of mechanisms proposed for light-driven water oxidation and the structure of the water oxidation centre (see [ 1,11-14,18,19 ] for recent discussions). Finally, in the best tradition of these things, the new structure raises as many questions as it answers, such as the extent to which the structure changes as Photosystem-II undergoes its oxygenic catalytic cycle, the location of key components such as water, and the degree to which fine details of the structure will alter as higher resolution data become available. 
